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Abstract
A current, popular, theory of spatial localization holds that the visual system represents the location of simple objects by a
single positional tag, the accuracy of which is largely independent of the internal properties of the object. We have already
presented evidence of the limitations of such a view (Keeble & Hess (1998). Vision Research, 38, 827–840) in that 3-micropattern
alignment performance was found to be dependent on the orientation of the micropatterns. We tested whether this was caused
by a local anisotropy in positional coding by conducting 3-micropattern bisection experiments with varying patch orientation. No
corresponding effect of patch orientation was found, implying a difference in the mechanisms used for the two tasks. In a further
experiment we show that alignment task performance is very similar to the otherwise identical 2-patch orientation discrimination
task. We conclude that the 3-micropattern alignment task is mediated by orientational mechanisms. We therefore present a
2nd-order orientation model for 3-patch alignment. © 2001 Published by Elsevier Science Ltd.
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1. Introduction
The question of how we locate objects and measure
their separations is of primary importance for a thor-
ough-going understanding of the human visual system.
It is one half of what it is to see: ‘to know what is where
by looking’ (Marr, 1982). Current answers divide be-
tween positional tag theories (e.g. Westheimer & Mc-
Kee, 1977a; Watt & Morgan, 1985; Burbeck, 1987;
Toet & Koenderink, 1988; Hess & Holliday, 1992),
filter theories (e.g. Wilson, 1991) and their amalgams
(e.g. Klein & Levi, 1985). The positional tag concept is
closely related to the ‘local sign’ and ‘spatial primitive’
ideas. For well-separated patches, most workers favour
versions of positional tag theories, whereby the location
of the patch is represented by a single token, the
accuracy of which can depend on the size of the patches
(Toet & Koenderink, 1988; Hess & Holliday, 1992), but
not on their internal content. Patch separation is also
an important determinant of performance (Toet, van
Eekhout, Simons, & Koenderink, 1987; Whitaker &
Latham, 1997). Naturally, human performance is deter-
mined by the interplay between stimulus properties and
the underlying physiology of the visual system. In par-
ticular, positional uncertainty in the underlying metric
of spatial representation and errors introduced in the
comparison process will affect localization accuracy. It
has been shown that the spatial frequency content,
chromaticity, supra-threshold contrast and phase struc-
ture have little or no effect on performance in typical
spatial tasks such as 3-micropattern alignment and
bisection (Toet & Koenderink, 1988; Kooi, De Valois,
& Switkes, 1991; Hess & Holliday, 1992; Hess & Bad-
cock, 1995; Keeble & Hess, 1998). Whether Gabor
patches, Gaussian blobs or bull’s-eyes were used also
seemed to have little effect. Luminance-defined and
contrast-defined dynamic noise blobs produce similar
performance (Waugh & Badcock, 1998). It had also
been thought that the orientational content of the
micropatterns did not affect alignment threshold, as
performance is the same for stimuli comprising Gabor
patches with either aligned or orthogonal carrier bars
(Kooi et al., 1991; Hess & Holliday, 1992). Further-
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more, the presence of a defined orientation per se does
not improve alignment performance (Keeble & Hess,
1998), and the mean (centroid) of the contrast distribu-
tion provides an excellent predictor of the point of
subjective equality (pse) for alignment tasks (Whitaker,
McGraw, Pacey, & Barrett, 1996). In a shape-discrimi-
nation task using patches, one of us (Keeble & Hess,
1999) found that performance did not much depend on
patch properties, unless these were variable within the
shape. Levi and Klein (2000) have found that, as with
simple spatial tasks, performance becomes patch prop-
erty-dependent in shape tasks when the separation is
small.
Thus, the preponderance of evidence leads one to
conclude that the positional tag theory provides the
best overall account of the data. However, one of us
showed that if the micropattern orientation was either
randomized or at 45° to the overall configuration orien-
tation, then the alignment threshold was increased in
comparison to other cases (Keeble & Hess, 1998). The
effect of orientation on alignment accuracy is a hole in
the positional tag theory. It is thus important to under-
stand its nature, as this may lead to the successful
modification or replacement of the theory.
One possible hypothesis of the origin of the effect of
patch orientation on alignment is that spatial coding
accuracy is locally anisotropic with respect to local
orientation. That is, the accuracy is better in the orien-
tation along or orthogonal to the patch orientation
(axis of symmetry) than in diagonal orientations. If this
is the case, the effect of patch orientation should be
obtained regardless of the type of localization task. We
therefore measured 3-patch bisection thresholds (Exper-
iment 1) and 2-patch orientation discrimination (from
vertical) thresholds (Experiment 2) using micropatterns
with a variety of orientational properties, and com-
pared the threshold values and the effect of the patch
orientation with those obtained with the 3-patch align-
ment task.
The motivation underlying these experiments is not
only to specify whether the effect of patch orientation is
a general impoverishment of spatial coding or not. If it
is found that the effects of patch orientation are task-
dependent, such results would provide us with insight
into the relationship between mechanisms responsible
for different types of localization task. To say that a
positional tag is extracted says nothing about how such
tags are compared to provide a final estimate of posi-
tion or distance (for efforts in this direction, see Mor-
gan, Ward, & Hole, 1990; White, Levi, & Aitsebaomo,
1992; Waugh & Levi, 1993). A theory of localization
should include a model of the comparison processes.
For broad-band stimuli with small separations, where
performance could be explained in terms of linear
spatial filters overlaying the whole stimulus, it has been
suggested that there are differences in the mechanisms
that mediate bisection and alignment (Watt, 1984; Mor-
gan & Regan, 1987). However, though still debatable, it
is suggested that a common mechanism may be respon-
sible for orientation and alignment tasks (Sullivan,
Oatley, & Sutherland, 1972; Andrews, Butcher, &
Buckley, 1973; Beck & Schwartz, 1979; Watt, Morgan,
& Ward, 1983; Watt, 1984). In principle, the alignment
task could be performed by comparing the orientation
of a notional line between the central patch and an
outer patch and some other orientation (see Fig. 1e). It
is important to note that there is no consensus concern-
ing the role of orientation even in the experiments
referred to above, which employ broadband, relatively
closely positioned, stimuli. In particular, Westheimer
and McKee (1977b) and Westheimer (1996) have ar-
gued that orientational cues are not used. However, for
narrow band and well-separated stimuli, where perfor-
mance could not possibly be explained in terms of
linear spatial filters, little is known about the compari-
son mechanisms except for a recent study by Hess and
Doshi that suggests possible use of orientation cues in
the Gabor patch alignment task. Some of the recent
work by Levi and co-workers (Levi & Waugh, 1996)
involving opposite polarity dots may also bear on this
issue, and will be considered in Section 4.
Orientational cues in the 3-patch alignment task
could act relative either to the overall configuration
orientation or to some external (e.g. screen-related or
gravitational) standard. Experiment 3 investigates this
question by measuring thresholds for the alignment
task where the configuration orientation has an added
jitter. Experiment 4 probes the level at which the effect
of patch orientation occurs by using plaid-type
micropatterns.
We find no micropattern orientation effect for the
bisection task in Experiment 1, but do find such an
effect for the orientation discrimination task in Experi-
ment 2. Thresholds and the effect of micropattern
orientation are similar for the alignment and orienta-
tion tasks. We thus conclude that 3-patch alignment is
mediated by an orientation mechanism and that the
micropattern orientation selectively influences the per-
formance of the orientation judgement. Experiment 3
revealed that inter-patch orientation is assessed relative
to overall orientation, and Experiment 4 demonstrated
that orientation affects performance at a level above the
low-level filters. Experiment 5 validates the various
patch orientation effects for different patch separations.
2. Methods
In general, these experiments were carried out in the
same way as in the earlier study (Keeble & Hess, 1998).
Examples of the stimuli can be seen in Fig. 1, together
with a diagram showing some of the important parame-
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ters of the stimuli. The alignment stimulus (Fig. 1a)
consists of three micropatterns in an approximately
vertical configuration. In Experiment 1, the outer two
patches are exactly vertically aligned, and the central
patch is displaced either to the right or to the left of this
alignment. Subjects decided in a forced-choice
paradigm whether the misalignment was to the left or
the right, thereby allowing the threshold offset to be
assessed. The bisection task uses a stimulus comprising
three horizontally aligned micropatterns (Fig. 1b). The
central patch is displaced to the right or left of the
midpoint of the outer two patches. As in the alignment
task, the direction of displacement was the cue in a
forced-choice task. Experiment 2 utilized 2-patch stim-
uli (Fig. 1c) in what we refer to as an orientation
discrimination task. Subjects were required to say
whether the inter-patch orientation was clockwise or
anti-clockwise from the vertical. No explicit standard
for the vertical orientation was provided, apart from
the edges of the screen, but this is not necessary as it
Fig. 1. (a) Typical alignment stimulus using randomly oriented Gabors. (b) Typical bisection stimulus using Bull’s-eyes. (c) Typical orientation
stimulus using vertical Gabors. (d) Alignment stimulus using oblique plaid Gabors. (e) Schematic of some stimulus properties. d represents the
offset cue, and  represents the orientational cue with respect to global orientation.
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has been shown by Heeley and Buchanan-Smith (1990)
that subjects possess a high-precision internal standard
for the vertical. This orientational stimulus was pro-
duced by simply removing, in software, one of the outer
patches of the alignment stimulus and centring the
resulting 2-patch stimulus on the screen. In this way,
the two stimuli types are highly comparable. Experi-
ment 3 employed an alignment stimulus where the top
and bottom patches had an equal and opposite hori-
zontal jitter of 8 min arc. The jitter was of flat
probability density function (pdf). This positional jitter
provides an orientational jitter on the orientation be-
tween the central and outer patches. It should be noted
here that in both Experiment 2 and Experiment 3,
respectively, an angular cue and angular disruption are
provided by a purely horizontal shift. These manipula-
tions produce changes in the inter-patch distances that
in principle could be used as cues for the task. How-
ever, owing to the small offsets at threshold, such cues
(of order 0.1%) are far below the level of detectability
(e.g. Burbeck, 1987). All the stimuli used received an
additional overall horizontal flat pdf jitter of 16 arc
min to prevent absolute positional cues from being used
(e.g. the edge of the screen).
Three kinds of micropatterns were used: (1) Gabor
patches. These are sinewave gratings windowed by a
Gaussian envelope. They are spatial frequency narrow-
band and have a definite orientation (Graham, 1989).
They are particularly useful for spatial localization
tasks because, for well-separated micropatterns they
rule out explanations in terms of large linear filters
overlying the whole stimulus. We used cosine-phase
Gabor patches. The orientational conditions were: all
horizontal; all vertical; random; all +45°; all −45°. (2)
Bull’s-eyes. These micropatterns, sometimes referred to
as radial Gabor patches, consist of a Gaussian window
multiplied by a radial sinusoid (of necessity in cosine-
phase). (3) Plaid Gabors. These are summations of
orthogonal Gabor patches and were used in an align-
ment task in Experiment 4 to see if the effects of
orientation were present even when no dominant orien-
tation was present (Fig. 1d). In all cases, the spatial
frequency of the sinusoids was 2.25 cpd, and the stan-
dard deviation of the Gaussian window was 16 arc min.
The contrast envelope had a Weber contrast of 95%. In
all the experiments, the vertical distance from the centre
of the middle Gabor to the centre of each outer Gabor
was 10 times the envelope standard deviation: i.e. 2°40.
This is the same spacing as that used by Toet and
Koenderink (1988) and Hess and Holliday (1992) and is
believed to place the stimuli in the positional tag
regime. We have verified with a control experiment
(Experiment 5) that the spacing does not critically
affect our results. The individual Gabor patch images
were pre-generated at run-time with an orientational
resolution of 1°. In Experiments 1–3, at the viewing
distance of 126.2 cm, one pixel represented 1 arc min,
whilst the visual size of the monitor screen was
10°28×7°53. The stimulus duration was 105 ms in
Experiments 1–3 and 108 ms in Experiments 4 and 5.
Subjects responded by means of a keypress, and no
feedback was employed. Subjects were instructed to
fixate in the general area of the centre of the stimulus,
but no fixation point was employed, in order to obviate
masking effects. Stimuli were produced using a Macin-
tosh Quadra 840AV computer driving a Macintosh 13
inch (33 cm) RGB monitor (Experiments 1–3) or a
Macintosh LCIII computer driving a CTX 17 inch (43
cm) colour monitor (Experiments 4 and 5). Lineariza-
tion of the lookup table in software was achieved by
means of a photodiode. All three guns were used. The
luminance of the background was 48 Cd m−2 for
Experiments 1–3 and 67.4 Cd m−2 for Experiments 4
and 5. The experiments were conducted in dimly lit
rooms.
Six subjects were used. Two were the authors (DK,
SN), who were well practised in visual psychophysical
tasks. TT and IA were well practised in visual psycho-
physical tasks, but naı¨ve as to the specific hypotheses
under consideration. HM and NK were naı¨ve and had
not previously acted as subjects in visual psychophysics.
All the subjects had corrected-to-normal eyesight in
both eyes, apart from TT, whose left eye was myopic.
The threshold offset was determined from the psy-
chometric functions by probit analysis (Finney 1971).
The threshold was the standard deviation of the Gaus-
sian error distribution assumed to generate the psycho-
metric function. It is equivalent to the 84% correct
point for an unbiased function. Biases are discon-
founded from threshold, (see Keeble & Hess, 1998). In
all conditions, the percent judged to the right was
gathered at nine different offsets, including zero offset.
Each point comprised 60 observations, so each psycho-
metric function was the result of 540 presentations. In
Experiment 1, DK, SN and TT performed each condi-
tion in separated blocks, whilst HM and NK performed
blocks in which either all the bisection conditions or all
the alignment conditions were grouped together. In
Experiments 2–5, all conditions of a given type were
blocked together for all subjects, i.e. all orientation
conditions were in the same blocks, all jittered align-
ment conditions were in the same block, and the plaid
conditions were blocked with the comparison condi-
tions. Subjects DK, SN and TT re-performed the align-
ment conditions in block form for the comparisons
made in these experiments. We do not believe that the
blocking structure made substantial or consistent differ-
ences to the results obtained.
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Fig. 2. Results from Experiment 1—alignment and bisection thresholds. (a) Consists of cross-subject means. Error bars are 1 standard error.
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3. Results and analysis
3.1. Experiment 1—does micropattern orientation
affect bisection and alignment equally?
In Fig. 2a– f, thresholds for the bisection and align-
ment tasks with various micropattern conditions are
shown. The cross-subject average results are shown in
Fig. 2a, and the individual results are shown in Fig.
2b– f. The important features of the results are shown
clearly in the averaged results. Firstly, in the alignment
conditions, performance is on average 44.2% worse for
the Random orientation and 45° conditions than for
the Vertical, Horizontal and Bull’s-eye conditions, as
we had previously found (Keeble & Hess, 1998; 64.8%
worse, average across four subjects). Secondly, there is
no discernible difference between the thresholds for the
bisection conditions. The average threshold for the
Random and 45° conditions is just 3.9% higher than
that for the average of the Vertical, Horizontal and
Bull’s-eye conditions. Some subjects show this effect
more clearly than others. We also conducted repeated-
measures ANOVAs using the horizontal, vertical and
bull’s-eye conditions as one group and the Left 45°,
Right 45° and Random conditions as the other group.
This indicated a significant difference for alignment
[F(1,24)=32.2535, P0.01], but not for bisection,
[F(1,24)=0.8277, P0.1].
This difference between the alignment task and the
bisection task allows one to draw conclusions about
their respective underlying mechanisms. The alignment
mechanism must contain a stage sensitive to compo-
nent-part orientation, whereas it is most improbable
that the bisection mechanism has such a stage, as it
would require some other process that somehow can-
celled out the effect of orientation. This conclusion of a
dichotomy between these two spatial tasks is rather
counterintuitive, as spatial location is generally re-
garded as a unitary concept.
Another notable feature of the results is the fact that
the alignment thresholds are smaller than the bisection
thresholds. This implies that it is not the case that
bisection and alignment are mediated by a similar
mechanism and that micropattern orientation just selec-
tively impoverishes alignment performance. That would
produce a pattern of results where some of the align-
ment thresholds were worse than the bisection
thresholds with the rest being similar. The superiority
of the alignment results suggests that there is some part
of the mechanism for alignment that is not available for
bisection stimuli. In sum, these results suggest that one
should look for cues and mechanisms for the alignment
task that are not applicable in the bisection case. The
relevance of the difference in thresholds for possible
differences in alignment and separation mechanisms
was first pointed out for broad-band stimuli by Morgan
et al. (1990).
3.2. Experiment 2—are alignment and orientation
discrimination similar?
Thresholds for the orientation discrimination task
and the alignment task are shown in Fig. 3. In Experi-
ment 2, we did not gather thresholds for the Horizontal
and Bull’s-eye conditions, as these conditions did not
seem to produce substantially different results from the
Vertical in Experiment 1 or in Keeble and Hess (1998)
(but see also Popple & Levi, submitted for publication
and Keeble & Hess, in preparation for a discussion of a
possible small effect of collinearity when thresholds are
measured for a large population of subjects).
Thresholds are expressed in common spatial units: hori-
zontal displacement of a patch from the vertical passing
through the other patch(es). A horizontal displacement
of 5 min arc corresponds to an orientational change of
1.8°. The cross-subject averages shown in Fig. 3a
demonstrate that the orientation task also shows the
effect of micropattern orientation: the threshold for
Vertical is smaller than those for the Random and 45°
conditions (the increase being 38.7%). When one con-
siders the individual data sets from the point of view of
this issue, one can see this effect clearly in four out of
the five subjects, with TT being the exception.
When one comes to consider the magnitude of the
orientation thresholds compared to the alignment
thresholds, the position is more complex. The mean
thresholds show that the thresholds are similar for the
two kinds of tasks, with orientation being slightly
worse. This conceals a dichotomy between the subjects.
DK, SN and TT show no significant differences be-
tween the two tasks, whereas NK and HM exhibit clear
superiority for the alignment task. We have no com-
pelling explanation for this subject difference. It is
possible that naı¨ve subjects are less well able to use
their internal representation of the vertical. Another
possibility is that the two patterns of performance were
caused by different fixation strategies. We note in pass-
ing that the best orientation thresholds achieved here
(0.8° for DK and SN when re-expressed as angles)
are comparable to those found for a variety of different
stimuli in many other experiments (see Heeley &
Buchanan-Smith, 1990 for a compact summary of
results).
Taken as a whole, we believe that the most parsimo-
nious explanation for these data is that alignment and
orientation discrimination are mediated by the same
mechanism. Micropattern orientation affects subject
performance in the same way for the two kinds of
tasks, and thresholds are at least of the same order of
magnitude, and sometimes very similar indeed. Further
evidence bearing on this issue will be considered in
Section 4.
The Fraser illusion (Fraser, 1908), the Zo¨llner illu-
sion (Zo¨llner, 1862), and their like can be regarded as
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Fig. 3. (a– f) Results from Experiment 2—alignment and orientation thresholds. (a) Consists of cross-subject means. Error bars are 1 standard
error.
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Fig. 4. (a–d) Results from Experiment 3—alignment and orientationally jittered alignment thresholds. (a) Consists of cross-subject means. Error
bars are 1 standard error.
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bearing some resemblance to the orientation effects
reported here in that component orientation and global
orientation are interacting. Those kinds of illusions are
biases in perceived orientation. Although we found
some small contrastive effects on the point of subjective
equivalence for the 45° condition in the orientation
discrimination task, we do not believe that this under-
lies the effect of micropattern orientation on acuity in
the 3-patch alignment task, because the orientation
thresholds in Experiment 2 are themselves affected, and
also because in the 3-patch micropattern task in the 45°
condition, bias on the orientation of one sub-pair
should be balanced by an equal and opposite bias on
the other sub-pair.
3.3. Experiment 3— is orientation in the alignment task
compared with an internal or external reference?
Assuming, for the sake of argument, that the align-
ment task is indeed mediated by the orientational
mechanisms that are presumably used for the 2-patch
orientation discrimination task, the question arises as to
what orientation is being used as the comparison in the
alignment task. There are two obvious possibilities. The
first is that the comparison is with respect to the
vertical, however the subject in fact represents that. The
other possibility is that the orientation is compared to
the overall orientation of the stimulus configuration.
This is an interesting issue because it gives us informa-
tion about the complexity of the mechanism. Experi-
ment 3 allows one to distinguish between these
possibilities by jittering the overall stimulus angle. If
performance is impoverished compared to the vertical
case, this implies that orientation is being judged rela-
tive to the vertical, because this manipulation jitters the
cue angle with respect to the vertical. If performance is
unaffected, one would conclude that the angle of the
line connecting the outer two patches is being used as
the basis for comparison, because this angle is not
being changed, relatie to the cue angle. Putting this in
terms of Fig. 1e, the question is whether the orienta-
tions of the lines AB, AC and BC are being compared
amongst themselves to do the task, or one or more of
these orientations are being compared to an external
referent orientation.
Fig. 4 shows the results. The across-subject mean
results in Fig. 4a show that there is minimal difference
between the jittered and unjittered conditions. There
are minor anomalies in the individual data sets. DK
and SN show a marginally significant improement in
performance for the jittered case. NK and HM show
even smaller trends in the other direction. The impor-
tant point is that if the vertical was actually being used
as the reference orientation, then the alignment jitter
thresholds would be of the order of 9 arc min—much
more than is seen in any graph in Fig. 4. We derive this
figure of 9 arc min by assuming that the orientational
variance caused by jittering the orientation would be
added to the variance in orientation discrimination, i.e.
the threshold squared. Thus, we can be sure that the
sub-component orientation is being compared to the
overall orientation by the subjects. Again, thresholds
for the Random and 45° conditions are on average
worse (37.9%) than for the Vertical condition. Watt
(1984) similarly found that jittering the orientation of a
vernier stimulus did not impoverish performance.
3.4. Experiment 4—does the effect of orientation in
the alignment task occur before the leel at which
mean orientation is made explicit?
The deleterious effect of orientation upon perfor-
mance in the alignment task could occur either because
of the presence of oblique orientations in and of itself,
or because the mean orientational content is oblique.
We test this by comparing alignment performance for
oblique plaid Gabors with vertical, horizontal and
oblique Gabors. Horizontal/vertical plaid Gabors are
also used as a control condition. The results are shown
in Fig. 5. It is clear that performance for the plaid
conditions is similar to that for horizontal and vertical
patches. Hence, the presence of oblique orientational
structure does not necessarily increase alignment
thresholds.
3.5. Experiment 5—does the effect of orientation in
the alignment and bisection task occur at different
separations?
Fig. 6a demonstrates that random patch orientation
increases thresholds relative to collinear (vertical) orien-
tation at all separations up to 500 arc min and down to
45 arc min. There was no substantial difference between
the two micropattern conditions for the bisection task,
except at the smallest separation, 45 arc min, where the
patches are almost overlapping and it is well known
that patch properties are important for spatial localiza-
tion tasks (see Akutsu, McGraw, & Levi, 1999). Thus,
the effects reported in Experiment 1 are robust in terms
of patch separation.
4. Discussion
To summarize the results:
 We find no effect of local orientation on bisection
performance, in contradistinction to the alignment
and orientation tasks, implying that there is no
advantage for spatial coding along the principal axes
of an object. This holds for a wide range of different
patch separations
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Fig. 5. (a–d) Results from Experiment 4—alignment thresholds. (a) Consists of cross-subject means. Error bars are 1 standard error.
 A further implication is that bisection and alignment
tasks are mediated by different mechanisms.
 Local oblique orientations impair inter-patch orien-
tation assessment.
 The effect of local obliques does not occur for plaid
stimuli.
Having now constrained the problem with the posi-
tional tag theory to the alignment and orientation
tasks, we proceed to discuss various possibilities for the
origin of the micropattern orientation effect. The idea
that spatial coding accuracy in these tasks is locally
anisotropic with respect to local orientation can be
rejected, because of the lack of effect of micropattern
orientation on the bisection task. We can reject on
similar grounds the notion that incompatibility of local
orientation with global orientation in and of itself im-
pairs performance. Related attentional explanations in
terms of the micropattern orientation acting as a dis-
tracter are similarly refuted. These three possibilities
could only be resurrected by restricting them solely to
the alignment task in an ad hoc manner. We had earlier
rejected the possibility that interference from randomly
formed contours in the Random case provides an ex-
planation on the grounds that the 45° condition has no
contours but still shows degraded performance (Keeble
& Hess, 1998).
In the apparent absence of an alternative, we believe
instead that the only viable explanation for the effect of
micropattern orientation on 3-patch alignment perfor-
mance is that this task is mediated by higher-order
orientational mechanisms. The results presented here
support the case for an orientational mechanism under-
lying 3-patch alignment for two reasons. Firstly, we
showed that micropattern orientation affected 3-patch
alignment in the same manner as 2-patch orientation
discrimination. Secondly, thresholds for the two tasks
were broadly similar. Orientational mechanisms have
previously been implicated in the performance of a
number of spatial tasks, including vernier tasks and
3-dot alignment (e.g. Sullivan et al., 1972; Beck &
Schwartz, 1979). The true role of orientation is, as we
mentioned in Section 1, a matter of ongoing dispute in
these cases, which involve relatively closely positioned
features, (Westheimer & McKee, 1977b; Westheimer,
1996). Watt (1984) does not believe that an orienta-
tional cue underlies 3-dot alignment. Another relevant
piece of information is that it has been shown that
changes in performance with eccentricity are similar for
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line orientation acuity, vernier tasks and 2-dot tasks
(Ma¨kela¨, Whitaker, & Rovamo, 1993). Furthermore,
the fact that, in some circumstances, 3-patch alignment
threshold measured in object units does not change
with viewing distance, is consistent with an orientation
cue because the inter-patch orientations are constant
when viewing distance changes, i.e. they are scale in-
variant (Toet et al., 1987; Toet & Koenderink, 1988;
Hess & Holliday, 1992). Waugh, Levi, and Carney
(1993) found orientational masking functions for an
alignment task that were very similar to the postadapta-
tion orientation discrimination data of Regan and Bev-
erley (1985).
Further highly suggestive evidence for the orienta-
tional nature of the alignment task is provided by the
work of Hess and Doshi (1995). Using three-patch
stimuli very similar to ours, they demonstrated that
prolonged adaptation to a misaligned stimulus resulted
in an aftereffect whereby the central patch of three
aligned patches appeared misaligned in the opposite
direction to the adaptation stimulus. They established
that the effect was not purely positional by showing
that there was no aftereffect for a horizontal bisection
task test stimulus. Moreover, the effect persisted if
either the adapt or test stimulus comprised only two
patches. In addition, a number of properties of the
effect were similar to those of the classical tilt-afteref-
fect (Gibson & Radner, 1937).
The conclusion that the alignment task is fundamen-
tally orientational in nature leaves two questions: (A)
What is the mechanism that assesses the orientation
between patches? (B) How does local orientation affect
this interpatch orientation?
4.1. (A) Interpatch orientation mechanism
There seem to be three possibilities:
(1) Elongated linear filter. Many workers (e.g.
Wilson, 1991) have sought to model spatial localization
tasks using oriented linear filters (i.e. 1st-order orienta-
tion detectors), whereas the gaps between micropatterns
in our stimuli and their band-pass nature mean that an
orientational explanation for our results must involve a
higher-level response to orientation. Or, to put it differ-
ently, an oriented linear filter would not respond to a
well-separated 3-Gabor alignment stimulus where the
orientation of the Gabors is orthogonal to the stimulus
configuration. This is why we use the term 2nd-order
orientation.
(2) Elongated 2nd-order filter. A possible model is
the 2nd-order orientational filter. Such a filter would
take as input a level of description higher than the
luminance of the stimulus, for example, a contrast map,
and would respond selectively to orientational content
at that level. Such a filter would respond differentially
to different degrees of misalignment in the 3-Gabor
alignment task, and thus provide a decision criterion.
An explanation in the same spirit would be an orienta-
tional version of the coincidence detector model of
Morgan and Regan (1987).
The 2nd-order property approach is currently ubiqui-
tous in the field of visual psychophysics. Such stimuli
and models have been employed in particular in the
area of motion perception (Chubb & Sperling, 1988;
Cavanagh & Mather, 1989), but also in stereo (Sato &
Nishida, 1993; Hess & Wilcox, 1994), texture (Graham,
Beck, & Sutter, 1992) and pattern vision (Henning,
Hertz, & Broadbent, 1975). For 2nd-order orientation,
the models of Dakin, Williams, and Hess (1999) and
Morgan and Baldassi (1997) were recently proposed,
the first being a modification of filter–rectify–filter
approaches used in other 2nd-order models (e.g.
Wilson, Ferrera, & Yo, 1992; Lin & Wilson 1996), and
the second being a development of the collector unit
model (Morgan & Hotopf, 1989). Moulden (1994) and
Tyler and Nakayama (1984) have discussed 2nd-stage
orientational models for sampled line detection and the
Fraser and Zo¨llner illusions, respectively. These models
have not been applied to localization tasks.
Fig. 6. (a and b) Results from Experiment 5—effect of separation on
(a) alignment and (b) bisection. Error bars are 1 standard error.
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Fig. 7. Schematic depiction of the kind of 2nd-order orientational model that we believe is necessary to explain our alignment results. Note the
inputs from local contrast and local luminance into the contrast representation stage. This is required as alignment performance for noise blobs
and Gaussian blobs is comparable to that for Gabor patches.
(3) Position-tag orientation mechanism. There are
some limitations to the form that such a 2nd-order filter
might take. For a start, a simple contrast map cannot
provide the explanation, as thresholds in the alignment
task are relatively insensitive to supra-threshold con-
trast (Hess & Holliday, 1992). Presumably, a saturating
non-linearity or some form of contrast normalization
or opponency at some stage would be required. A more
serious restriction to the validity of the 2nd-order con-
cept in the case of this stimulus is the finding that
trial-to-trial variance in the size of the patches does not
increase the threshold (Keeble & Hess, 1998), which
one would expect if the putative 2nd-order filter were to
be matched to the size of the contrast envelope. This
may link to the issue of whether the positional tag
concept still has validity within this 2nd-order orienta-
tional framework. It may be that the positional tags
form the input to the 2nd-order filter in a manner akin
to an impulse function, thus explaining the lack of
effect of size variance. If this were so, the positional
tags would have to carry some information about the
local orientation, which would detract from the simplic-
ity of the original concept. In addition, it would require
that a putative 2nd stage for the bisection mechanism
disregarded this orientational information, however
such a 2nd stage might function, if this used the same
position tags. We illustrate our model schematically in
Fig. 7. One can legitimately conclude that the orienta-
tional mechanism used for the alignment task is higher
order (i.e. not 1st order), but the precise form of the
mechanism requires further elucidation.
Recently, Georgeson, Schofield, Guest, and Ander-
son (1998) have shown, by employing oriented contrast-
modulated gratings to demonstrate a tilt after-effect,
that there are indeed adaptable 2nd-order orientational
channels. Mareschal and Baker (1998) presented evi-
dence for cells in cat-cortex that respond to 2nd-order
orientation. These pieces of evidence point to the
availability of 2nd-order orientational mechanisms that
could serve to perform the tasks presented here.
We now turn to the work of Levi, Waugh and
co-workers (Waugh et al., 1993; Waugh & Levi, 1995;
Levi & Waugh, 1996). These workers have examined
the effect of oriented masks on a range of spatial
alignment tasks involving broadband stimuli such as
lines and dots. Bimodal orientational masking functions
are produced (see also Findlay, 1973), and it is plausi-
bly argued that this supports the notion of an opponent
orientational filter mechanism for these tasks. That is,
alignment is signalled by the opponent coupled re-
sponses of (in their initial model) linear filters oriented
at 20° to the stimulus orientation. As these experi-
ments involve the effect of orientational content upon
spatial localization tasks, there is a prima facie connec-
tion to our study. In Waugh et al. (1993) and Waugh
and Levi (1995), the stimuli are of the same polarity.
Some are abutting, but some involve dots separated by
as much as 90 arc min. This places it in the region of
parameter space where a positional tag mechanism
probably operates, so their model is somewhat similar
to the one we wish to propose, and their data are
supportive of both. However, the key difference is that
their model is a 1st-order orientational one, whereas
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our model is 2nd-order orientational. In Levi and Waugh
(1996), similar bimodal masking functions are found for
opposite-polarity dot stimuli with separations at 24–30
arc min. We verified in Experiment 5 that our effects of
patch orientation hold over a wide range of separations.
As their data cannot be explained by single linear filters
encompassing both dots, these workers extend their
model into a 2nd-stage non-linear collector model
whereby 1st-stage linear filter output is rectified and fed
into a 2nd-stage elongated non-linear filter. This model
is even closer to that we propose. The key difference is
that the Levi and Waugh model has 1st-stage filters
aligned in the same direction as the 2nd-stage filter. This
is important because, for the kind of stimuli used in our
study, it has been shown that alignment thresholds for
stimuli composed of Gabor patches with orientations
orthogonal to the group orientation are similar to those
for stimuli with Gabor patches parallel to the group
orientation (Hess & Holliday, 1992; Keeble & Hess,
1998). The Levi and Waugh model would presumably be
completely unresponsive to the former. Nevertheless, the
two kinds of models are clearly similar, and it would be
possible to think of our finding of reduced performance
for the 45° stimuli as being a kind of masking of the
inter-patch orientation. So, an application of the Waugh
and Levi masking paradigm to our bandpass stimuli
might well prove useful in linking these two similar but
so far disjointed sets of localization stimuli. As a prelim-
inary effort in this direction, we conducted a pilot
experiment where 3-Gabor alignment stimuli were con-
structed with the Gabor orientations at 20° to the
group orientation. If the phenomenon of impoverish-
ment in the 45° alignment task is similar to the Waugh
and Levi masking experiments, then one might expect the
20° thresholds to be even worse. This, however, did not
occur, with thresholds being more similar to the horizon-
tal and vertical thresholds. This very preliminary finding
therefore does not support a linkage between the results
of Waugh and Levi and our results.
If some ostensibly positional tasks are in fact orienta-
tional, how should this affect our view of spatial coding?
One possible approach would be to decide not to use
alignment tasks in experiments designed to unveil the
processes of positional coding. In fact, however, it may
be that a large proportion of spatial tasks that human
(and other) visual systems perform can be couched in
orientational terms. So, it may be that a more generalized
view of positional coding that includes orientational and
contour information being simultaneously extracted is
required.
4.2. (B) Effect of local orientation on interpatch
orientation
If a 2nd-order orientational filter is indeed the
substrate for 3-micropattern alignment, then the
simplest way to account for the effect of component
orientation is to posit that the higher-level filter receives
stronger inputs for stimuli where the local orientations
are aligned to and orthogonal to the higher level
orientation than from local orientations which are
oblique thereto. This could occur in principle either (1)
at the contrast extraction stage, by virtue of weaker
inputs from oblique 1st-order filters, or (2) at a later
stage from a mechanism that makes explicit the overall
orientation of the Gabor patch. We favour the latter
alternative, and have shown it in Fig. 7, because the
alignment experiments in Experiment 4 employing plaid
orientations at 45° to the vertical show no
impoverishment relative to the horizontal or vertical.
Also, alternative 1 is more in keeping with a simple
2nd-order orientational filter theory and does not fit
well with a position-tag theory. In addition, the effect
of obliques was found to be relative to the overall
orientation, not to retinal coordinates (Keeble & Hess,
1998), so it is not clear how weaker inputs from
obliques at an early stage could operate. Alternative 2
can be regarded as an elaborated position-tag theory.
Morgan and Baldassi’s (1997) model has orientationally
preferential 1st-order inputs somewhat similar to the
first alternative, although they only consider possible
effects on the perceived orientation and not effects
upon the orientation threshold. They do not envisage
strong inputs to the 2nd-stage collector unit from
1st-stage units with orientation preferences orthogonal
to the 2nd-stage preference. More recently, Morgan
(1999) has invoked second-stage filtering as an
explanation of the Poggendorff illusion. Dakin et al.
(1999) suggest a 2-stage model for the Fraser and
Zo¨llner illusions where the orientations of the 1st-stage
units are only parallel and perpendicular to the
orientation of the 2nd-stage units. McGraw, Levi, and
Whitaker (1999) have demonstrated that positional
adaptation using 2nd-order stimuli exhibits cross-over
of local orientation, where the local orientations were
vertical and horizontal. This is evidence that there is
some kind of local summation over orientation before
position is extracted.
The results of the experiments presented here can be
very briefly summarized by saying that bisection
performance is not affected by micropattern orientat-
ion, whereas 3-patch alignment and orientation
discrimination are so affected, and that the cue in
3-patch alignment is judged relative to global stimulus
orientation, rather than absolute orientation. The
significance of these results is: (1) the problem with the
positional tag theory has been constrained to the
alignment and orientation tasks, and (2) this implicates
an orientational mechanism for the 2nd-order
alignment task.
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